Introduction
processed into sirup pack and marrons glaces. I n the utilization of Japanese chestnuts The chestnut is one of the popular nuts (Castanea crenata Sieb. et Zucc.), the most and is utilized by roasting and boiling, or is troublesome problem is to peel off the pellicle,
Received for publication because of hard adhesion of the pellicle to the Contribution, No. A-131. Fruit Tree Research embryo. Now, this peeling is performed by Station.
using a knife in home use and also in com-S 364 JOURNAL OF THE JAPANESE mercial processing. Consequently, about 70% of all processing time is spent in this process, which raises the processing cost.
To peel easily, some studies have been done from physical or chemical viewpoints. Recently, the new machine was devised by Kikkoman Shoyu Co. (Pat. No. 1972) . This machine has an ability to peel off the pellicle together with the shell using high temperature and high pressure.
However, there seem to be some problems to be overcome for further practical applications.
Manabe (8) tried to remove the pellicle with hydrogen chloride, with nitric acid and with perchloric acid, but could not succeed in practical applications.
On the other hand, some breeders have pointed out a possibility that new cultivars, which can be easily peeled off, might be bred by introducing the character of Chinese chestnuts (Castanea mollissima Blume), whose pellicle is easily peeled off, into Japanese chestnuts.
Thus, hybridization between Japanese and Chinese chestnuts was experimented.
And the pellicles of some hybrids were reported to be removed easily (12). To improve the selection efficiency in the breeding by such hybridization, it is necessary to numerize the strength of adhesive force between the pellicle and embryo in roasted chestnuts.
For that purpose, the inheritance and mechanism of adhesion between the pellicle and embryo must be studied in detail by making clear the chemical or physical characters of pellicles in comparison of Japanese and Chinese chestnuts.
It is well known that the pellicle of chestnut is rich in tannin, but a few reports mentioned about phenolic components of the pellicle (1, 3, 5) . In general, tannin interacts with protein (2, 7, 10) or polysaccharide (9, 13), and is known to form complexes.
In the chestnut pellicle, also, such interaction may be functional for the adhesion of pellicle.
In this paper, we intend firstly to numerize the adhesive force between the pellicle and embryo, and secondly to clarify the relation of phenolic components to the adhesive force in comparison of Japanese and Chinese chestnuts and their hybrids. The open-pollinated nuts of hybrid-trees (Japanese chestnut(J) x Chinese chestnut (C), C x J, F1 x C and F1 x F1) in our orchard were collected at their matured stages.
Peeling of the pellicle from the kernel: Harvested nuts were roasted with a commercial "Yakiguriki" (chestnut roaster containing heated small stones) for 30 min by adding sirup sometimes. Then, the peeling time of the roasted nuts was measured.
In this paper, the peeling time of roasted or raw chestnuts was defined as the time required to peel off the pellicle from the kernel without damaging embryo, after removing the nut shell. Roasted nuts, were divided into four grades according to the peeling time.
The grades of 0 to 3 indicated that the pellicle was peeled off, together with the shell spontaneously (0), within one min (1),, within 1 to 5 min (2) and beyond 5 min (3), respectively.
Then, the peeling score was calculated as follows and used to express the In most cases, 20 nuts were used for each cultivar.
Measurement of adhesive force between the pellicle and the embryo: After removing the shell from nut and scraping fiber tissues carefully from the surface of the pellicle, a section of 1 cm cube with pellicle was cut out from the central part of the nut.
The pellicle side of the cube was grooved circularly (4)5 mm) to the depth of the pellicle itself with a corkborer.
A wooden piece (c 5 mm) was adhered vertically to the above circularly grooved area using a chemical bond (Hi-quick, from Cemedain K. K.).
After standing the cube for 2 hr, both the cube and the edge of wooden piece were fixed to a rheometer (Fudo Co. Ltd. Model RUD-J).
Then, the cube was tensed till the pellicle was separated from the kernel.
The force for separation was measured.
The average of ten mesurments was obtained in each cultivar.
Removing of the pellicle by sodium chlorite The shells of nuts were removed, and these nuts were reacted in about 10 ml of incubation medium containing 0.25g sodium chlorite and a few drops of acetic acid per g nut fresh weight, and kept at 60°C for 10 hr.
Extraction and determination of phenolic compounds: Fresh pellicles were homogenized in 80% methanol, and the homogenate was centrifuged at 7000g for 10min.
The precipitate was washed twice with 80% methanol. The three extracts were combined and used for analysis of phenolic compounds. The amount of total phenolic compounds was determined by the absorbance at 700 nm by employing (+)-catechin as standard, according to the method of Folin-Denis.
Separation of free and polymerized phenolic compounds: Free phenolic compounds were separated from polymerized ones by precipitating the latter with gelatin, according to the modification of Nakabayashi's method (11). To precipitate polymerized phenolic compounds, lml of 4.5% gelatin solution saturated with C COMPOUNDS FOR CHESTNUT PEELING 365 sodium chloride, 2m1 of 0.9 N sulfuric acid saturated with sodium chloride and 0.5g of Kaolin were added to 2 ml of 80% methanol extract. The mixture was vigorously shaken for 5 min, and then centrifuged at 3000g for 10 min.
The supernatant was used for the analysis of free phenolic compounds, according to the method of Folin-Denis.
Thin layer chromatography (TLC) of phenolic compounds: Phenolic compounds were separated by TLC (Merck TLC plates Silica gel 60) employing n-butanol : acetic acid : water (2: 2 : 1 v/v) as a developing solvent.
The separated spots were detected by the absorbance at 280 nm using a chromatoscanner (Shimadzu Co. Model CS-910).
Determination of moisture content of the pellicle: The moisture contents of pellicles were obtained by drying them for 2 hr at 130°C.
Results and Discussion
Numerical evaluation of easiness of peeling off the pellicle by application of peeling score: It is well known that Japanese chestnuts are very hard to peel off the pellicle from the kernel, while Chinese chestnuts are very easy to peel.
In the breeding of chestnuts, a simple method has been urgently required to estimate numerically the degree of easiness of peeling in roasted nuts, but it has not yet been established.
In this paper, the peeling easiness of roasted nuts was classified into 4 grades according to the peeling time and the peeling score of each cultivar was obtained as described above.
Firstly, it was checked whether the peeling score of roasted nuts reflected directly the peeling easiness in raw nuts.
As shown in Fig. 1 , which was obtained with 11 hybrids between Japanese and Chinese chestnuts, the peeling score of roasted nuts was shown to correlate closely with the peeling time of raw nuts (r=0. 78 significant at 1 % level, Y=14.8 X+0.58).
The peeling easiness of pellicles in roasted nuts seemed to correlate to the strength of adhesive force between the pellicle and embryo of raw nuts, which, then, was measured by the stretching experiment with a rheometer, and compared with the peeling score of roasted JOURNAL OF THE JAPANESE SOCIETY FOR HORTICULTURAL SCIENCE nuts. The adhesive force was within the range 0 to 5 kg Jcm2, and it also correlated closely with the peeling score of roasted nuts (r=0.81 significant at 1% level), as shown in Fig. 2 . The weaker the adhesive force in raw nuts, the easier the peeling off the pellicle in roasted nuts.
Thus, the peeling score proved to be useful to evaluate briefly the easiness of peeling off the pellicle of roasted nuts.
Peeling score varying with cultivars: Peeling score was highest in Japanese cultivars such as `Ginyose' and `Tsukuba', while lowest in Chinese cultivars.
Peeling scores of the hybrids were distributed broadly between those of Japanese and Chinese cultivars. Among the hybrids, seedling numbers 345-1 [68-13 (Hoji-360 (C) X Toyotamawase (J)) self] and 344-17 [68-13 X Hoji-480 (C) ] showed low peeling scores (00. 3 and 0.05) comparable to that (0.1) of Chinese cultivar.
So, it is possible to select hybrids whose pellicles are The correlation between the peeling time of raw chestnuts and the peeling score of roasted ones.
The hybrids between Japanese and Chinese chestnuts were used for this experiment.
Each value was expressed as the mean of twenty nuts per each hybrid. ** : significant at 1% level. Such difficulty in peeling off the pellicle was further intensified in the nuts which had fallen out of the bur after maturation, and it seemed to be due to the rapid dehydration of the pellicle (see Fig. 8 ). In the case of Chinese cultivars `Konansho-39' and `Konansho-50', however, the pellicles were easily peeled off over all developmental stages and also after drop. It was suggested that the rapid chemical changes in pellicle components occurred at the maturation stage of Japanese chestnuts.
Relationship beween peeling easiness and phenolic compounds of the pellicle: In general, the pellicle is rich in tannins. The tannins are known not only to polymerize themselves, but also to form the complexes with polysaccharides and proteins.
So, the chemical changes of phenolic compounds in the pellicle were investigated.
1. Removing of the pellicle with sodium chlorite : In lignificated woody tissues, it had been reported that lignin and other phenolic compounds were decomposed oxidatively by sodium chlorite and solubilized into water (4, 6) . The pellicles of chestnuts are known to be rich in phenolic compounds, and when raw nuts The correlation between the peeling score of roasted nuts and the force for separating the pellicle from the kernel of raw nuts. Japanese chestnut (cv. Tsukuba) and Chinese chestnuts (cvs. Konansho-40 and Konansho-50) and 18 hybrids between two species were used for the experiment.
Each value of the peeling score was obtained from twenty roasted nuts, and each value of the force for separation from ten raw nuts. ** : significant at 1% level. 2. Separation of free phenolic compounds from polymerized ones by gelatin method : To search the role of phenolic compounds in adhesion between the pellicle and embryo, the changes with the developmental stages of the free and polymerized phenolic compounds contained in the pellicle were estimated in comparison of Japanese cultviars, `Tanzawa', `Tsukub a', and `Ishizuchi' and Chinese cultivars, `Konansho-39' and `Konansho-50'. At first, it is necessary to separate the free phenolic compounds from polymerized ones. Figure 5 shows the final concentration of gelatin required to precipitate polymerized phenolic compounds.
In the case of `Konansho-39' containing the least total phenolic compoun ds among the five cultivars used (see Fig. 6 ), polymerized phenolic compounds were almost perfectly precipitated by adding 0.4% of gelatin (final concentration) and the precipitate increased no more by adding more than 0.4% of gelatin. In the case of `Tsukuba' containing the most total phenolic compounds (see Fig. 6 ), polymerized phenolic compounds were almost perfectly precipitated by adding 0.8% of gelatin. On the other hand, free phenolic compound i [ (+)-catechin] was hardly precipitated, even if the gelatin concentration was elevated to 1.4%. So, 0.9% gelatin (final concentration) was adopted as a standard procedure to separate free phenolic compounds completely from polymerized ones. 3. Free and polymerized phenolic compounds varying with developmental stages of nuts In Japanese chestnuts, the content of total phenolic compounds of pellicles on fresh weight basis increased rapidly with maturation (Fig.  6) . The increased phenolic compounds were mainly composed of polymerized ones.
Free compounds were present in small amounts and kept almost constant over all the developmental stages.
Such findings were also supported by I the TLC profiles of total phenolic compounds shown in Fig.7 , which indicated that polymerized phenolic compounds located in the lower Rf value increased clealy with maturation (Sep.13 and Sep. 20), while free phenolic compounds standardized with (+)-catechin (Rf value of 0.9) were detected scarcely during immatured stages.
Furthermore, the changes with the developmental stages in the contents of total and polymerized phenolic compounds (Fig. 6) corresponded to those of the peeling time of the pellicles (see Fig. 3 , r=0.89 significant at 1% level). While, in Chinese chestnuts, the content of total phenolic compounds, most of which were present in polymerized forms, was less than 50% of that of matured Japanese chestnuts, and increased little with maturation.
Free phenolic compounds were kept at a low level over all the developmental stages as in Japanese chestnuts.
The distinctive increase in the content of phenolic compounds of both Japanese and Chinese chestnuts after falling out of the bur following maturation seemed to be caused by the dehydration of pellicles, and not by the increase of phenolic compounds per se. After falling out of the bur, the moisture percentages of pellicles decreased rapidly to about 20 on fresh weight basis, although they were kept constantly at about 60% before harvest (Fig. 8) .
While the contents of phenolic compounds on dry weight basis rather decreased after dropping in both Japanese and Chinese chestnuts cultivars, although they increased abruptly just before dropping only in the Japanese cultivars like those in fresh weight basis (Fig. 9) . TLC chromatogram of phenolic compounds contained in the pellicle of Japanese chestnut, cv. `Tsukuba' .
The arrow indicates the spot of (+)-catechin. * : the nuts which had fallen out of the bur after maturation. Changes with the developmental stages in the moisture content of pellicles. Q0, Q•, 00, : the nuts which had fallen out of the bur after maturation. JOURNAL OF THE JAPANESE SOCIETY FOR HORTICULTURAL SCIENCE From these results, it was suggested that the rapid increase in phenolic compounds, especially polymerized ones, led to make it difficult to peel off the pellicles from kernels with nut maturation.
In general, tannins interact with proteins to form complexes (2, 7). Morrawiecki (10) reported that tannins bound to protein by forming multiple hydrogen bonds between their phenolic hydroxy groups and the carbony groups of the peptide linkages of proteins.
And lignin, a kind of phenolic compounds, was reported to form complexes with polysaccharides (9,13) . So, in chestnuts it may be possible that the polymerized phenolic compounds accumulate in the space between the pellicle and embryo, and form complexes with proteins or polysaccharides contained in the cell wall of the surface of pellicle and embyo, and resultantly the formation of their complexes makes it difficult to peel off the pellicle.
In the future, it will be necessary to clarify the mechanism of binding between the pellicle and embryo by searching the structures and characteristics of monomers constructing polymerized phenolic compounds and the process of polymerization.
